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Foreword

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land, air,
and water resources. Under a mandate of national environmental laws, the Agency strives to formulate
and implement actions leading to a compatible balance between human activities and the ability of natural
systems to support and nurture life. To meet this mandate, EPA’s research program is providing data

and technical support for solving environmental problems today and building a science knowledge base
necessary to manage our ecological resources wisely, understand how pollutants affect our health, and
prevent or reduce environmental risks in the future.

The National Risk Management Research Laboratory is the Agency’s center for investigation of
technological and management approaches for preventing and reducing risks from pollution that threatens
human health and the environment. The focus of the Laboratory’s research program is on methods and
their cost-effectiveness for prevention and control of pollution to air, land, water, and subsurface resources;
protection of water quality in public water systems; remediation of contaminated sites, sediments and ground
water; prevention and control of indoor air pollution; and restoration of ecosystems. NRMRL collaborates
with both public and private sector partners to foster technologies that reduce the cost of compliance and

to anticipate emerging problems. NRMRL’s research provides solutions to environmental problems by:
developing and promoting technologies that protect and improve the environment; advancing scientific and
engineering information to support regulatory and policy decisions; and providing the technical support and
information transfer to ensure implementation of environmental regulations and strategies at the national,
state, and community levels.

Tetra-ethyl lead was widely used in leaded automobile gasoline from 1923 until 1987. To prevent lead
deposits from fouling the engine, 1,2-dibromoethane (EDB) and 1,2-dichloroethane (1,2-DCA) were

added to the gasoline to act as lead scavengers. These compounds reacted with lead in the engine to make
volatile compounds that were discharged in the exhaust. If leaded gasoline is spilled to ground water from
a leaking underground storage tank, there is a potential for EDB and 1,2-DCA to partition from the spill and
contaminate ground water. The Maximum Contaminant Levels (MCLs) for EDB and 1,2-DCA are 0.05 and
5.0 png/L respectively. The concentrations of EDB and 1,2-DCA that would be expected in ground water in
contact with unweathered leaded automobile gasoline are 1900 and 3700 pg/L respectively.

Lead was effectively banned in gasoline in the USA before the underground storage tank program was fully
implemented. As a result, only a portion of the state agencies that implement the federal UST program
routinely monitor for EDB and 1,2-DCA at gasoline spill sites. In many states, little is known of the risk
from EDB and 1,2-DCA at old leaded gasoline spill sites. Monitored Natural Attenuation (MNA) is widely
used by State Agencies to manage the risk from other fuel components, such as benzene, in ground water.
The appropriate application of MNA requires a solid understanding of the behavior of the contaminants in
ground water.

To provide a technical basis for application of MNA, this report reviews the current knowledge of the
transport and fate of EDB and 1,2-DCA in ground water. This report also provides information on the
distribution of EDB and 1,2-DCA at motor fuel release sites that was collected during a survey of sites
coordinated by the U. S. EPA Office of Underground Storage Tanks and the Association of State and
Territorial Solid Waste Management Officials (ASTSWMO) and evaluates the associated chance of

contaminating ground water. w{ ¢

Robert W. Puls, Acting Director
Ground Water and Ecosystems Restoration Division
National Risk Management Research Laboratory
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Executive Summary

The lead scavengers Ethylene Dibromide (EDB) and 1,2-Dichloroethane (1,2-DCA) were added to leaded
motor gasoline to prevent the buildup of deposits of lead oxide inside internal combustion engines. Recent
studies demonstrate that lead scavengers may persist for long periods of time in certain ground water
environments. Although lead and lead scavengers were phased out in conventional motor gasoline by the
end of the 1980s, the lead scavengers from old releases may continue to contaminate ground water at many
gasoline service station sites. In addition, aviation gasoline (Avgas) contains lead scavengers, and gasoline
containing lead scavengers is still used for certain off-road applications such as automobile racing. There is
a significant possibility that lead scavengers from releases of leaded gasoline pose an ongoing risk to ground
water quality.

Domestic ground water wells and certain small public water supply wells that are in close proximity to sites
where leaded gasoline may have been released should be of particular concern. These wells often produce
ground water from shallow aquifers, which makes them more vulnerable to contamination than larger
municipal water supply wells which usually produce water from deeper aquifers.

EPA has formed a team with the Association of State and Territorial Waste Management Officials to
determine the scope and magnitude of the occurrence of lead scavengers at leaking UST sites. The team
developed a three-phased approach to this problem: (1) developing an understanding of the magnitude

of the potential problem by compiling existing background information, (2) assessing gaps in current
knowledge, based on the findings of Phase 1, and implementing appropriate measures to fill the gaps, and
(3) determining an appropriate response based on evaluation of the results of Phases 1 and 2.

Phase 1 culminated in development of a document entitled Lead Scavengers Compendium: Overview of
Properties, Occurrence, and Remedial Technologies (U.S. EPA, 2006). Phase 2 consisted of collecting

and analyzing ground water samples from 102 old gasoline release sites spread across the 19 states

that chose to participate in the investigation. This report Natural Attenuation of the Lead Scavengers
1,2-Dibromoethane (EDB) and 1,2-Dichloroethane (1,2-DCA) at Motor Fuel Release Sites and Implications
for Risk Management represents the culmination of Phase 2. It fills some of the data gaps on the expected
distribution of lead scavengers at gasoline release sites, it discusses mechanisms for abiotic transformation
and biodegradation of EDB and 1,2-DCA, and it provides new tools to recognize and use natural
transformation and degradation of EDB and 1,2-DCA as part of a risk management strategy.

The survey found that significant concentrations of EDB continue to persist at many old leaded gasoline
spill sites. Both EDB and 1,2-DCA were present at concentrations above their respective Maximum
Concentration Level (MCL) at a significant number of sites; EDB was detected above its MCL of 0.05 pg/L
at 42% of the sites sampled, and 1,2-DCA was detected above its MCL of 5.0 pg/L at 15% of the sites
sampled. Benzene (with an MCL of 5.0 pg/L) was present at 100% of the sites sampled and was the primary
risk driver at 75% of the sites where both benzene and EDB were present in ground water; EDB was the
primary risk drive in the remaining 25% of sites.

The persistence of EDB at UST spill sites is consistent with its expected behavior in ground water. Simple
physical weathering of EDB and 1,2-DCA from residual gasoline is a slow process that may require decades
to centuries to reduce high concentrations of EDB or 1,2-DCA to their MCLs. At some site, anaerobic
biodegradation can provide substantial reductions in the concentrations of EDB and 1,2-DCA. At some sites,
abiotic degradation caused by reaction with Iron(Il) sulfide minerals in aquifer material can also produce
substantial reduction in the concentration of EDB, particularly in ground water at neutral pH.

Although it is theoretically possible that anaerobic biodegradation or abiotic degradation will remove EDB
at a particular site, it is frequently difficult to prove that degradation is occurring based on conventional
monitoring data. Compound Specific Isotope Analysis (CSIA) can be useful to recognize biodegradation and




abiotic transformation of EDB ground water. Degradation is recognized and documented by a change in the
ratio of stable isotopes of carbon in the molecules of EDB that remain in the ground water after degradation.
The change in the ratios can put a conservative boundary on the extent of degradation that has occurred in
the ground water sampled by a particular well. This makes CSIA a useful tool to prove that degradation has
happened at field scale at a particular site.

If the concentrations of EDB and 1,2-DCA in ground water in the source area of plumes do not attenuate,
the hazard associated with these contaminants will persist indefinitely. MNA is most cost effective

as remedy when the concentrations of contaminants attenuate to their MCLs in a reasonable period of
time. The concentrations of EDB and 1,2-DCA that would be expected in ground water in contact with
unweathered leaded automobile gasoline are 1900 and 3700 pg/L respectively. To bring these initial
concentrations to their MCL within 20 years, the first order rate of attenuation in concentration in the

most contaminated well at a site should be 0.5 per year or greater for EDB and 0.33 per year or greater for
1,2-DCA. At certain sites, and under some circumstances, there rates can be attained through anaerobic
biodegradation or by abiotic reactions. To apply MNA at a specific site, rate constants for attenuation over
time should be extracted from site-specific data and should be verified and validated by continued long-term
monitoring.

Monitoring for concentrations of EDB in ground water can be a major cost of risk management at gasoline
spill sites. The MCL for EDB is one hundred fold lower than the MCLs for Benzene or 1,2-DCA. Because
the MCL for EDB is so low, not all analytical methods can detect EDB when it is present at its MCL. The
EPA Method that is most commonly used to analyze for gasoline constituents in ground water (Method
8260B) has a detection limit for EDB of approximately 3.0 pg/L, which is sixty fold higher than the MCL.
As a result, Method 8260B cannot be used to document that ground water is free of contamination from
EDB. In contrast, EPA Method 8011 has a method detection limit for EDB of approximately 0.01 pg/L,
which is sufficiently sensitive to measure EDB at its MCL.

Method 8260B would have only discovered 40% of the survey sites with concentrations of EDB above its
MCL. At sites where benzene is the primary risk driver, Method 8260B would be appropriate to monitor
the quality of ground water during active remediation. However, to determine if the site has reached the
MCL for EDB, it is necessary to use Method 8011 or its equivalent.

Keywords: EDB, 1,2-dibromoethane, DCA, 1,2-DCA, 1,2-dichloroethane, ground water, UST,
underground storage tank, MNA, Monitored Natural Attenuation



This section reviews the use of the lead scavengers
1,2-dibromoethane (also called ethylene bromide or
EDB) and 1,2-dichloroethane (1,2-DCA) in leaded
motor fuel , and briefly describes the regulatory
framework developed to protect ground water
resources from releases of leaded motor fuel' stored
in underground storage tanks. Also, this section
describes two investigations of EDB and 1,2-DCA
at motor fuel release sites. Finally, this section
describes the scope and intended purpose of this
report.

1.1 Use of EDB and 1,2-DCA in Leaded
Motor Fuel
Internal combustion engines burn a mixture of
fuel and air to create mechanical energy that turns
a crankshaft. The most common automotive
engine operates on a four-stroke cycle: intake,
compression, combustion, and exhaust. During the
compression cycle, a mixture of air and fuel vapor
is compressed by a piston moving upward in its
cylinder. Ideally, at the height of the compression
cycle, the mixture is ignited by a spark from the
spark plug, thus initiating the “combustion” stroke,
whereby the piston is pushed downward in the
cylinder producing the mechanical energy that
turns a crankshaft. During the next upstroke of the
piston, exhaust gases are expelled from the cylinder.
Sometime during the combustion stroke, pockets
of unburned fuel outside the advancing flame front
within the cylinder are heated and pressurized
leading to sudden ignition (“detonation”) resulting
in engine “knock”. Engine knock is damaging to
the mechanical parts of the engine and it wastes
fuel.

To reduce the tendency to knock, various additives
have been used to increase the octane of the motor
fuel. These additives have included tetra-ethyl lead
(TEL) since the 1920s, and since the 1960s tetra-
methyl lead (TML), tri-methyl-ethyl lead (TMEL),
di-methyl-di-ethyl lead (DMDEL), and methyl-
tri-ethyl lead (MTEL). The additives to increase

1 “Leaded motor fuel” is a more inclusive term that
includes leaded gasoline for automobiles plus aviation
gasoline, which still contains lead and a lead scavenger
package, and some grades of racing fuel. Where this
report refers more specifically to “gasoline” it is because
the data and information pertain to leaded gasoline for
automotive purposes.

1.0
Introduction

octane also included methyl tertiary-butyl ether
(MTBE) and ethanol.

Tetra-ethyl lead was widely used in motor gasoline
from 1923 to 1987 (Falta, 2004). Lead oxide
deposits produced during the combustion of leaded
motor fuel can accumulate and damage the engine.
To make the lead volatile and thus reduce the
accumulation of lead deposits, the lead scavengers
EDB and 1,2-DCA were added to gasoline along
with the TEL. With these additives, the lead

forms lead dihalides which are volatile and can be
expelled from the engine.

Starting in 1975, automobiles in the U.S. were fitted
with catalytic converters to treat the exhaust gas
and allow the vehicles to meet U.S. EPA standards
for emissions to control air pollution. Because
lead in motor fuel can poison the catalyst and ruin
the catalytic converter, in 1973 EPA (a) required
that one grade of unleaded gasoline be available
to protect catalytic converters that were to appear
on new cars in 1975, and (b) re-proposed annual
reductions in lead content of all other grades of
gasoline to protect public health?. Figure 1.1
presents estimates of gasoline consumption in

the U.S. that were collected and collated by

Falta (2004). It also estimates the consumption
of EDB and 1,2-DCA in gasoline, based on the
estimates of Falta (2004) for lead consumed in
gasoline, and his observation “Since the early
1940s, leaded automotive gasoline has contained
EDB and 1,2-DCA in proportion to the amount
of tetraalkyllead with a molar ratio of Pb:Cl:Br of
1:2:1..7

The proportion of EDB and 1,2-DCA consumed
each year to the total gasoline consumed each

year changed little from 1949 to 1972. The peak
years for use of EDB and 1,2-DCA were 1969
through 1972. After 1972, the total amount of EDB
and 1,2-DCA consumed in automobile gasoline
declined as the content of lead declined in gasoline.
After 1988, much less EDB and 1,2-DCA were
added to conventional automobile gasoline in the

2 Even though leaded gasoline has not been used
for on-road automobiles for nearly two decades, leaded
gasoline (which also contains lead scavengers) is still
in use in aviation gasoline (avgas) and in some off-road
applications such as racing fuel.




United States because leaded gasoline had largely
been phased out.
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Figure 1.1. Consumption of leaded motor fuel,
EDB, and 1,2-DCA in the United
States from 1949 through 1989.

Although lead and lead scavengers were phased
out in conventional motor gasoline by the end of
the 1980s, the lead scavengers from old releases
may continue to contaminate ground water at many
gasoline service station sites. In addition, aviation
gasoline (Avgas) contains lead scavengers, and
gasoline containing lead scavengers is still used for
certain off-road applications such as automobile
racing (Aronson and Howard, 2008).

A portion of the EDB produced in the US was used
as pesticide and fumigant (Aronson and Howard,
2008), and ground water contamination continues
in certain agricultural areas from the past use of
EDB as an agricultural chemical. EDB was used
on citrus crops, on vegetables, on grain crops, and
to protect golf courses (U.S. EPA, 2006). In 1977
approximately 136 million kilograms of EDB was
produced in the USA; 127 million kilograms was
used in fuel, approximately 8 million kilograms
was used as a soil fumigant, and approximately

0.9 million kilograms was used to fumigate stored
grain and grain milling machinery, and quarantined
citrus and other tropical fruits (U.S. EPA, 2006).

1.2 Regulation of Motor Fuel Storage to
Protect Ground Water and Drinking
Water

In 1974, Congress passed the Safe Drinking Water

Act, which required U.S. EPA to determine safe

levels of hazardous chemicals in drinking water.

These safe levels are called Maximum Contaminant

Level Goals or MCLGs. Because of the difficulty

in achieving MCLGs, MCLs (Maximum

Contaminant Levels) have been established for
most contaminants; MCLs are a compromise based
on best available treatment technology, limitations
of analytical methods, and cost. In 1989, U.S. EPA
promulgated MCLs for benzene and for 1,2-DCA
of 5 ng/L. In 1992, U.S. EPA promulgated an MCL
of 0.05 pg/L for EDB.

In 1984, Congress added Subtitle I to the Resource
Conservation and Recovery Act (RCRA), which
required U.S. EPA to develop a regulatory program
for underground storage tank systems (USTs)

that contained petroleum or certain hazardous
substances (collectively referred to as “regulated
substances”). The federal underground storage
tank program is administered by the Office of
Underground Storage Tanks (OUST), within the
Office of Solid Waste and Emergency Response
(OSWER). Subtitle I of the Resource Conservation
and Recovery Act (RCRA) allows state UST
programs approved by EPA to operate in lieu of
the federal program. The U.S. EPA has granted
State Program Approval to most of the states and
the others implement their own program under
cooperative agreements with EPA.

Most USTs are used for the storage of motor

fuel (gasoline and diesel fuel) and the regulated
substance that escaped from most leaking

USTs was gasoline. The primary petroleum-
derived contaminants of concern in gasoline are
the aromatic hydrocarbons benzene, toluene,
ethylbenzene, and xylenes (collectively referred
to as “BTEX”). Most state programs treat the
individual MCLs for the BTEX compounds as the
concentration below which the compounds are
not a concern at gasoline release sites. Even today
ground water monitoring at gasoline release sites is
focused on BTEX.

Most state agencies have not routinely monitored
for EDB or 1,2-DCA in ground water. This may
have been due to the fact that lead in gasoline, and
therefore EDB and 1,2-DCA, was being phased
out, or was altogether banned, at the time the state
agencies put their monitoring programs in place.
The South Carolina Department of Health &
Environmental Control (SDHEC) was an exception.

Beginning in 2001, SDHEC started collecting data
on the concentrations of EDB in monitoring wells
at gasoline service stations that were in existence
at a time when leaded gasoline was still available
in the USA. EPA Methods 8260 or 8021, which
are conventionally used for analysis of BTEX
compounds and fuel oxygenates such as MTBE,
do not have adequate sensitivity to determine
concentrations of EDB at its MCL (0.05 ng/L).



The SDHEC required that analyses for EDB be
performed by EPA Method 8011, which has a
method detection limit that is near 0.01 pg/L.

1.3 Investigations of EDB and 1,2-DCA
at Motor Fuel Release Sites
1.3.1 Evaluation of Data from South
Carolina Performed at Clemson
University
Professor R.W. Falta and his students at Clemson
University evaluated the monitoring data on the
distribution of EDB in ground water in South
Carolina, and found that many gasoline release
sites had concentrations of EDB that far exceeded
the MCL (Falta, 2004; Falta et al., 2005). They
analyzed the data available as of December 2004,
and found that 537 underground storage tank sites
had ground water with concentrations in excess of
the MCL (Falta et al., 2005). Figure 2 of Falta et
al., (2005) presented a frequency distribution of the
maximum concentration of EDB in any well at each
individual site. Figure 1.2 plots the data from Falta
et al., (2005). The concentrations of EDB followed
a log-linear distribution with approximately half of
the sites having concentrations of EDB that exceed
the MCL. The median concentration of EDB in
sites where EDB was detected was 4.3 pg/L and
the maximum concentration was 6,550 pg/L.
These results were unexpected and surprised many
ground water scientists and engineers. Staff in
EPA’s Region 4 office in Atlanta, GA, brought
Dr. Falta’s findings to the attention of the Office
of Underground Storage Tanks (OUST) at EPA’s
headquarters in Washington, DC.
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Figure 1.2. Distribution of EDB in ground water
from monitoring wells at gasoline
release sites in South Carolina, and in
sites in the EPA/ASTSWMO Study.

1.3.2 EPA/ASTSWMO Lead Scavengers
Team

The U.S. EPA’s OUST and Office of Research

and Development’s National Risk Management

Research Laboratory (NRMRL) in association

with the Association of State and Territorial

Solid Waste Management Officials (ATSWMO)

formed a team to determine what problems, if any,

these lead scavengers pose to public health and

the environment. The team’s mission statement

outlines an investigation comprised of the

following three phases:

1. Develop an understanding of the potential
problem as it exists today by:

a. Compiling existing background information:
toxicological data; historical usage
information; and occurrence in drinking
water supplies;

b. Evaluating selected state databases and
case files for information on sampling,
monitoring, and remediation at LUST sites;

c. Conducting a study on the effectiveness
and cost of treatment and remediation
technology.

d. Assess whether or not there are any gaps in
our current knowledge, based on the results
of Phase 1. If so, develop and implement
appropriate measures to fill the gaps.

2. Identify next steps by evaluating the results of
Phases 1 and 2.

Phase 1 culminated in production of a compendium
of information entitled Lead Scavengers
Compendium: Overview of Properties, Occurrence,
and Remedial Technologies (U.S. EPA, 2006). The
compendium represents EPA’s state of knowledge
on lead scavengers (through 2005) relating to
historical usage, physical and chemical properties,
analytical methods, environmental fate and
transport, toxicology, occurrence in drinking water
supplies, presence at leaking UST sites, and the
effectiveness and cost of treatment technologies.

In compiling information for the compendium,
some gaps in knowledge were identified, including
the lack of information on the occurrence of

lead scavengers in domestic (private) wells,

the effectiveness of remediation and treatment
technologies, and the magnitude of the occurrence
of lead scavengers in ground water at leaking UST
sites. Filling in this last data gap became the focus
of Phase 2 of the investigation.

To develop information on the distribution of EDB
and 1,2-DCA in ground water at leaking UST
sites in states that did not routinely monitor for




these contaminants, EPA offered to provide free
analysis of samples collected by the states (or their
contractors) from sites that met certain criteria:

* sites that were used for storage and or
dispensing of leaded gasoline whether or
not they were currently in use (i.e., sites
where USTs were located in 1989 and
earlier) or

» sites where leaded aviation gasoline
(AvGas) or leaded racing fuel was used or
is still being used (i.e., airports, automobile
race tracks) and

« sites that had existing monitoring wells
on-site and were regularly scheduled for
monitoring (this was done to minimize
burden on states and their contractors;
however, no sites offered as candidates for
sampling were turned down).

Sites meeting the criteria above that were also
within close proximity to a private well or small
community well were of particular interest because
